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. 65. (a) Since the line passes through the origin and has slope 2 xi 2
@ 1 x where x=0.If y= — then x -x'} = |=6.
' —, itsequation isy = = 2
& -4
(b) The graph of y = In x lies below the graph of the line Then the only solution to this equation is .x =24
' Cha ter 3 Review Exerclses
X X
y.—._; for all positive x = e. Therefore,lnx<; (pp. 181—184)
for all positive x # e. L@ 4 s 1o 1 ge 1 1
i dx dx 8 4 4 4
(e) Multiplying by e, elnx < x or Inx* <x,
dy d 3,4.7 2 6
‘ 2, —=(3-Tx"+3x = -21x" +21x
: (d) Exponentiating both sides of In x* < x, we have dx dx
) £ <e*, orx® <e” forall positive x # e. 3 ﬂ:—d—(Zsinxcosx)
g dx  dr
S (e) Let x = 7 to see that 7°< ™, Therefore, € is bigger. d d
o = 2(8in x) —(cos X} + 2 (cos x)}— (sin x)
" Quick Quiz Sections 3.7-3.9 dx dx
L ‘ _ =-2sin® x +2cos® x
. ; ! LE y= 9 _Ji ' Altematc solution:
R o 2x 2 dy d
‘ u X 9 a—;&mstx)—gx—smh (c0s2x)(2)
i ETE T ‘ = 2008 2x
e o9 o1 o & _d2x+l_Qx-D@-@x-D@)___ 4
w 20 2 : dv  dx 2x~1 (2x-1y7 (2x~17
d 5. %5 -2 s (1-21y=—sin(1- 26)(-2) = 2sin (12
2. A dy:a(cos3,(3x—2)) . I_E cos (1-21)=—sin(1-26)(~2) = 2sin(1-21)
dy =—9c0s? (3x—2) sin (3x—2) 6. B4 (2 =-o?( 2 214 E e[ 2] -2
dt dt ! dr t 12
d, . .
LC.ody=— 2
3.C. dy=—(sin” (22) 2_23_%1(3]
t t
dy= 2
1-4x* 7. %:%[J}+l+%)—E(x”2+1+x‘”2)
4. (a} Differentiate implicitly:
d. 2 4 d . =lx-uz'_lx~312=L__1_
LAy =26 2 2 302
Z TEN=50 Wr 2
dy
2 dy 1, 3y 8. ———(xJ2x+ D= (x)[ J(2)+(\/2x+ (1)
. 2y Z|aty+ Pt =0 ey
ley +x ydx X y+x o .
2x+1) _ 3x+l
dy sdy_, 2 2 x+(
2y = =3y “ril Vol
2
dy_3xty-y* 9. :;—d—asec(1+36) sec(1+36) tan 1+ 36)(3)
dx 21):-2:3

= 3sec(1+ 3@)tan (1+ 36)
(b)Ifx:l,thenyz—y—6 soy——20ry—3. ar_d

tan? 2

=2 o 22— °*
: ()(_) =2an(3-69)-% un(3-6%)
The tangent line is y + 2= 2(x — 1). a6
&y IE)-F : =2tan(3—6%) sec? (3—8%)(-28)
At(1,3), === et = - 8 e (1 g2
.3 - 200G —46tan(3-6%) sec’ (3-6%)
The tangent line is y = 3. , 11. G _ i(xz cscSx)
dx dx

- . . _ 3 = -
(c) The tangent line is vcr:lcal where 2xy —x° = 0, which _ (x2 (= csc 5x 0ot 5x)(5) + (650 Sx) (21

X . . = 2
impliesx=0ory= ER There is no point on the curve =—3x" cse5x cot5x + 2xcse Sx
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. dy 1

12. ——1n x>0
dx dx e J'dx‘j_ Jx QJ" 2%’
dy d W1 d. €

13. —=—In(l+e¢')=——(1+e")=
dr dx ( ) 1+e* dx( ) 1+&*

14, jx—y = %(xe'x) = () + (N = —xe ™" +e™*
dy _d s sy _ &

18. = =
i dx( )= ( ee’) dx(gx) e

16. & =
X

of x in the intervals (kx, (k+1)x), where k is even.

dr d -t -1
17. — =—In{cos™ x}= —Ccos X
dx cos ' x
N ]__ 1
cos'lxk \./l—x2 cos'lxw./l—x2
dr d 2 2
18. 2 = 4 joa (6% = =
26 26 8@ 32 2dB o= P m2 6ln2
ds d 1 d 1
19, —=—N t-N=———(-7) = ———,
@ s T T o ms
t>7 :

ds_d d
20. 2 =2 (57)=8" In8)—(~)=—8"In8
& dr(s ) (n )dr{ )

21. Use logarithmic differentiation.
y= xlnx
Iny=In(x"*)
J Iny=(nx)(nx)

Elny=§x-(lnX)2

d
l%FZI x—hx

y
dy _ 2y.lnx
=
dy 2% Inx
& x

, & _d (2x)2"
Tdx dr f7 g

N [(2:;)23‘] (2x)(2")%\/x2+1
22 +1

Vi 1] 202102+ @)@ |- 202

1
_ 2vx? +1

= iln (sinx) = L i(sia'l x)= c?ﬁ = cotx, for values
dx sin sinx

(241 (29 (2x n2+2)- 227 (29)
- (x2+1)3"2

(20 2% + IXxin 2+ 1)~ x7]

- (x2+1)3.f2

(2 20 2427 +xIn2+1-x%)
- (x2+1)3f2
(229’ In2+xIn2+10)

- (x2+1)3/2

po 202t

N
Iny=(x)+InQ2%)—InVa? + 1
Iny=In2+nx+x ln2-—-%ln(x2+1)

%lny=%[ln2+lnx+ln2—%ln(x2+1)]
idy 1 1 1
——=0+—+In2—— 2x
ydx X 2x2+1( )

dy 1 X
= +In2-
dx y[ T
ﬂ=%(l+mz-—+J
dx Gyt p\X x“+1
-1
23. d_d 4 gt gtun l“r~£—tall_l.h.’=eum x
& dx dx I+ x
24. d—y—ism Wi
du dx -
=;di —u?
V- (1=t ) &
1 1 u
= (—2u)
\/u_ZZJl—u2 ‘u|\/1—u2

25. -‘iji:i(rsec"‘r—%mx]

a(t)[|t|\/t—_}+(sec n(1)-
1
t__.
lfIW -

d—y = Z[(l +13) cot™ 21

dt
l -
(2x) =(1+¢ )(— eye J(Z) +(cot™! 21) (21)

26.

22 +1

2+27°
tz +2rcot™ 21
1+ 4t

Alternate solution, using logarithmic differentiation:




Cimtee

27, EX:i(zcos"z—x}l—zl)
dz  dz
1 1
=(z)| +(cos™ XD~ (—2z)
( Vi-7° ] 1=zt
Z

F4 -
= seos z4

1-2% 1-7°
=cos 'z

2s.dy d(zd 1osc™ V/x)

o )
+(2ese” \/;)(2 i-l]

x-1 ese M

—_(JI)Z\/xmlJr Jr-1
1 csc_I\/;

x x—=1
29. & I (secx)
dx  dx

I ——
|sccx|\}sec2x—1]dx(secx)
1
_———gec xtany
Jsecxlx}tanzx—-l

_ sec x tan x
{secxtanx|
1 sinx
—_ COSXCOSX _ sin.x
1 sinx| [sinx]
COSX COSX
T
-1, 0Lx<m, x#—
- ‘ 2
3n
1, m<x<£2rm, x;e?

Alternate method:
. .4 n
On medommn0£x£2ﬂ.x$5,x#--.wemay

2
rewrite the function as follows:

y= ese! (sec x)

=%—sec'l(secx)

T -1
=——cos” (cosx
2 (cos x)

Eux, 0sxsnm, x:ti

= 2 2
E—(71‘—35), w<xZIm, x;t»?’—ri

2 2
E—x, 0=x=<nm, x:ut£
_Ji2 2
3z
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n
-1, O0<€x<m, x#—

’I'hcrefore,ﬂ= ‘ _%m
dx I, #n<x<2nm, x:t?

Note that the derivative exists at 0 and 2z only because
these are the endpoints of the given domain; the two-sided

derivative of y = esc™l (sec x) does not exist at these points.

30, dr _ 4 1+sing :
40 de 1—-cos@

2(1+sin9} (1= cos8)cos ) — (1+ sin O)sin )
1-cos@

\ (1—'::05,9)2
“2( 1+sin9) cosf—cos’ @—sind—sin’ @
1-cos@ (l—cosﬂ)2

Y 1+5in8 }f cos@-sinf-1)"
1-cos@ (1- cos@)®
31. Since y=Inx" is defined for all

x#0 ddy ld( )= 2—x=.E,I:hefunctionis
dx de _x2 X

differentiable for all x = 0.

32, Since y = sin x — x cos x is defined for all real x and
% = cos x — (x {—sin x)— (cos x)(1) = xsin x, the function is
differentiable for all real x.

1-

33, Since y= xz is defined for all x <1 and
+x
dy_ 1 (#+x°X=D)-(1-x)2x)
dx z\ll_x (1+x°)?
I+x?
2 -2x-1

= , which is defined only forx <1,
2 ’1 x(1+x2)3t’2

the function is differentiable for all x <1.

34, Since y= 2x—7)" (x+5) = 2“ 57 is defined forall
=

xwlang D@ DO-GHD 1
2 ax 2x—7)" (2x-7)?

the function is differentiable for all x = %

35. Use implicit differentiation.
_ xy+2x+3y=1
d d d d
= (9)+ =20+ = (3y) = ()
dy
—+ D+243—=0
X X1 dx
H—=—(y+2
(x+ )dx o+
dy _ y+2

dx x+3
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36. Use implicit differentiation.
5x% +10y%° =15
d ocoasy, 4 0oes_d
= (5 —{10 =—{(15
dx(x )+dx( y)=—-15)
a2y Do
dx

dy 41

37. Using implicit differentiation.

=1

d — d
—Nw=—0

o 1@ [x%wxn] =0

dy
T +y=0
H_ Y
dx X
Alternate method:

38. Use implicit differentiation,
2 _ X

¥ x+1

44 x

) T dxrl

5y @ _ A1~ GXD)
dx (x+1)7
dy _ i

de 2y(x+1)?
39. P4y =1
d a,d 35 _@d
dx(x )+dr(y )—dx(l)
32 +3y =0

_ P20 - (X200

2

(yzxzx)—(x?)(zy)[—,"—2

;)

4

_ 2xy3 +2xt

yi

_ 2x(x3 + y3)
2=

yS

since x> +y* =1

40. yz=l—E
X

422
dx(y)—

’

9
b
[

T Wi

d . df2
— (=] -
dx dx\ x
2
)

2 1
229 x2y

a1
dx xz_y

L2 2y

(ley)z X0+ (X2

S

NI S
(x*y)? [(x )(fJ’]”xy]

1 {1
I 2[-+2;¢y)

41.

y3 +y=2cosx

P N SR
dx(y )+dx(y)—dx(2wsx)

3y’y' +y =—2sinx

By + 1)y ==2sinx

_ 2sinx
3y +1

y”—f_ _ 2sinx
dx 3y2+1

s

_ 3y +1)(2cosx)— (2sin ) (6yy")
) 3y +1)*
(3y* +1)(2cosx)—(12ysinx)
B 2sinx
3% +1
(3y° +1)%
_ B3+ cosx+12ysin’ x
@+’




42, A gyi=g
d
v3) 1
X =L
( ( )= dx
1 203 1 23
+ =0
3t Ty U E

) ()
2" ol -(2) >

2
2 — - L=
=_§xuay 3 (_xmS0205 _ 320
2
_2 sy 2 s o
3 .3
43, y'=2x-3x-1,
yn — 6x2 _ 3,
ym =12x,

(4) =12, and the rest are all zero.

) =1, and the rest are all zero.

45. dy d Jx -2k = (2x=2)= e

Waxl=2x

Atx=3, we haveyz\IS - 2(3) =\/§

3-1 2

d 2= =

dc [32_am3 W3

Vxl-2x

(a) Tangent; y=-%(x—3)+\/§ ory=%x—-\f§
NE) N E]

(b) Normal: y=—7(x—3)+\/§ ory=—7x+T

Chapter 3 Review

46. % = %(4+cotx—2c:scx)
—csc® x+2cscxcotx

At x=1;—, we have

y=4+cotg——2csc%=4+0—2=2and

%:—csc2%+2t:sc%cot§=—l+ 2B0)=-

(a) Tangent: y=—1(x—%)+2 ory=-—x+12r-+2

(b)Normal:.y:—](x—%]+_2 ory=x-—72£+2

47. Use implicit differentiation.
x* +2y2 =9
d_ 2, d 4 d
— —2yy=—(9
dx(x )y dr( ) dr( )

2x+4yd—y=0
dJC'
dy_ 2x__x
dc 4y 2y
1 1

Sl t(l,2) ———=——
ope at (1, 2% 22 1

{a) Tangent: y=—i(x-1)+2 0'ry=—%x+§—

(b} Normal: y=4{x-1)+2ory=4x-2

" 48. Use implicit differentiation.

X4 fxy=6
d d
E(JCHE(\IX}’)—E(S)
1 dy
1+ +(¥X1
| 2\/1—}1[@)(&) (¥xp =

2y o)
x 25y
. JE_z
X X
Slope at (4, 1): ~2( 1_2 1 5
a4 374 %

(a) Tangent: y:—i—(x—4)+1 or y=—§x+6

(b) Normal: y——%(x 4)+1 ory——gx-%

155
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49,

50. —

51,

52.

ay
&g _snr_
dx dx - 2cost

dr

At t= :%r we have x = Zsin% = \/5,

n dy 3z
—2c0s2 =2, and @ = —an =1
y=ecosTy e 4

The equation of the tangent line is
y= 1(x—J£)+(—\/§), ory= x—2\/5.

dy
dy _dr 4cost_ 4

——cot?
di dx 3sar 3
dr
Al:t’--g—er we have x = 3(:1:;53—n——i
4 4 2
4 3r 4

4 ——2f and X = B3 4
y=4sin o co

3 4 3
The equauon of the tangent line is

y:i x+§1/—_g +2\/5,ory=ix+4\/§.
3 2 ‘ 3
dy
dy _ di sec’t _Ssect 5
dx dx. " 3sccrtans  3tant  3sing
dr

"At r=%,we havex=3sec%= 2\/5,

@510

53

Fi 1
=5tan—=
Y 6 3

The equation of the tangent line is

( —2\/_)+§-\/:- ory————x 5\/_

Q
Q=££_‘_1+cost
de  dr  —sins

dt
Att=-—,wehavex cos( }=3£2—,

NEANERA

=——t _ e —— . d
¥ sm[ 4] i) an
p 1+cos(¥-§) 1+£
Y 2
—= = =+2+1
dx [ EJ V2 V2

-S| —~— .=

4 2

y=(1+ﬁ)x—ﬁ—l—§.
This is approximately y = 2.414x -- 3.200.

33. (a)
N

{-1,3]1by [-1, 5/3]

(b) Yes, because both of the one-sided limits asx — 1 are
equal to f(1)=1.

(c) No, because the left-hand derivative at x =1is +1 and
the right-hand derivative at x =1is— 1.

54. (a) The function is continuous for all values of m, because
the right-hand limit as x — 0 is equal to f{0) =0 for
any value of m.

{b) The left-hand derivative at x = 0 is 2cos(2#0) = 2, and
the right-hand derivative at x =0 is m, so in order for
the function to be differentiable at x = 0, m must
be 2. ‘

55.(a)Forallx#0 (b) Atx=0
(¢} Nowhere

56. (a) Forallx (b) Nowhere
(c) Nowhere )

57. Note that lim f(x)= lim (2x-3)=-3and
x—={F =0

lim f{x)= lim (x —3)=-3. Since these values agree with
=0 x—0*

F(0), the function is continuous at x = 0. On the other hand,

’ _ -1<x<0
f (x)—{ |, O<x<d ’ so the derivative is undefined at
x=0. '
(@) [-1,00U(0,4] {(b) Atx=0

(¢} Nowhere in its domain

58. Note that the function is undefined at x=0.
(a) [-2, 00U (0, 2]  (b) Nowhere

{¢) Nowhere in its domain

59, y
2t
O ¥ =1 ()
__A_...I—l__é_bx
O
2t




y=£f

61. (a) iii (b} i

(e)ii

62. The graph passes through (0, 5) and has slope -2 forx < 2
and slope 0.5 forx > 2.

63. The graph passes through (-1, 2} and has slope --2 forx < 1,
slope ifor l< x <4, and slope —1 for4 < x < 6.
y
7

y=fx)

64. iIf f(x)=% £ +9, then f'(x)=%x‘”3 ond

ffx= 13, which matches the given equation.
e ’ 9 3 ; ” 3 413 s
i M f(x)= ﬁx -2, then f"(x)= zx , which

contradicts the given equation £ (x)= x'°.

iqufxx)=%x“3+6,menf”un=x”{ which matches

the given equation.

iv.If flx)= %x“'ﬂ —4, then f'(x)= xin’3 and

=g
f”(.x) - x”a.

Answer is D i and iii only could be true. Note, however
that i and iii could not simultaneously be true.

, which contradicts the given equation
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65. (8)
/ \
f-1, 5] by [-10,80)
{b) 1 intervall avg. vel.
[0, 0.5} 3810 o
05-0
' 58-38
05,1 =40
e ] 1-0.5
(1, 1.5 0-58 _ o4
1.5-1
[1.5.2] 74-170
2-15
(2, 2.5] 0-74_ g
2.5-2
[2.5,3] B=70 4
3-25
[3, 3.5] 38;58 =—40
3.5-3
‘ 10-38
3.5,4 =
L ] 4-3.5 36

() \1\
~

[-, 5] by [-B0, 80]

(d) Average velocity is a good approximation to velocity.

6. TV |- 4 10

Atx =1, the derivative is

, =13
JIF) == J-f(l) [] ( )( H=-13

L prey= L2
Vfx) 24 f(x0)
f@ 2 1

wWFo) 26 3

d e md o f60
“’)dxf(‘/;"“‘/;)dx‘/;“ e

f(\/_ fa

2

b) % flx)=

At x =0, the derivative is

At x =1, the derivative is

||
b |th | —
||

d) %f(l—.‘itanx) = f’(l—Stanx)(—Ssccz x)
At x =0, the derivative is

fla- 5tan0)(-5séc2 0)=F'{Ix-5)= (é)(—S) =-1
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66. Continued

4 _flx) _ @treosx)f'(xp=(f(x)~sinx)
dx 2+cosx (2+ cos x)*

(e

Atx =0, the derivative is

(2+cos0Xf'(0) - (F(O)X—sin0) _3f'(0) 2

(2+cos0)? S 3

() —[IOSH{ ]f (x)]

- 1of sn®E : 20 cos7X [
= 10[5111 5 )(2f(x)f (x)+10f (x)(cos 2 )[ 2}
= 20£(x) f'(x)sinf;- +5mf2 (x)cos”—;
At x=1, the derivative is
20 £ (1)) sing+5x 201 cos%
= 20(—3)( )(1)+51r(—3) (©)
=-12.
67. (a). %[3 f(x)-g(x) =37 (x)~g'(x)

At x =—1, the derivative is
3 (=)~ g (-1}=3D)-1=3.

(b

S

2 Pwgw]

= fH(x) + 382 (08 () + g7 (x) « 2F () ()
= f(0)g"(x) [3f (08 (x) +2g(x) £ (x) ]

At x =0, the derivative is

F(0)8%(0) [3£(0)8"(0) +22(0) f/(0)]

= (-1)(-3)* [ 3-1)(d)+2(-3)(-2) ]
=-9[-12+12]=0.

(c

S

%g(f(x))=g’(f(x))f’(x)

At x =—1, the derivative is

U D=0 (-D=(4X2)=8.

@ %f(g(x))=f’(g(x))g'(x)

At x=—1, the derivative is
Sg-g’ (=)= f'(-Ng'(-)=(2K) =2
© d_fix) _(gx)+2)f"(0)- f(x)g'(x)
dx g(x)+2 (g()+2)?
At x =0, the derivative is
(8(M+2)f"(0)~ f(0)g'(0) _ (3+2X-2)—(-1)4)
(g(@+2) (-3+2)

=6.

® %g(x O =g+ f(x))%(ﬁ e

=g (x+ D+ (x)
Atx =0, the derivative is g"(0+ f(O)1i+ f/(0)}
=g’ (0-DH+(-=D(-)=-1

g, dv_dwdr —[ Wr- 2)]—[8mn(s+:)]

ds drds

= [cos(JF - 2)2—\1/;}[8.:0{34-%”

Ats=0, we haver= 85in(_0+%)=4 and so

oo fofo]
{es)-( 2

69. Solving 6*t+8=1 for t, we have
l1-8

t=9—2=6'2—9'],andwemaywr.ite:
dr dr dt
d0  dr de
d 2 pua_drd o o
— (@ +7 g0
d6( ) dt dB( )

Lo o 8 Y 03 o2
3(9 + 77 (26) (dt)( 207 4+677)

dr_ 206*+7  20°8*+7)*"

di 326070467y 30-2)

At =0, we may solve 0%*t+8=1to obtain =1,
ﬂ - 2(1)4 (12 + 7)—21'3 _ 2(8)—2.'3 - _l

dt 3(1-2) -3 6

and so

70. (a) One possible answer:
x(1) = IOCOS(H- Jy(r) 1

() 5(0)=10 oos% =52

{c) Farthest left:
When cos[t + %) =—1, we have s(1)=-10.
Farthest right: h

When cos(t + %J =1, we have s(f)=10.




70, Continued

(d) Since cos% =0, the particle first reaches the origin at

r oo . r

t= E The velocity is given by v(t) = -105111[: +Z]’
. . ,

so the velocity atr = y is— 1051n-2- = —10, and the speed
at = %is]—10| = 1. The acceleration is given by
a(t) = —lOcos(H%), 50 the acceleration at
t=Z is ~10cos T =0.

4 2

ds d
71 (8) — = —(64t—167) =64 —32r
@ = a ")
2
&5 -2 6a-32)=-32
drt dt

(b) The maximum height is reached when % =0, which

occurs at t = 2 sec.

{c}) When =0, % = 64, so the velocity is 64 ft/sec.
. ds d 9
{d) Since —=—(64t—-2.6:")=64—5.2¢, the maximum
dr dt
_ 64 .
height is reached at 1= 52 =12.3sec. The maximum

64
height i —|=3938 ft.
eight is 5(5.2) 938

72. (a) Solving 160 = 490 ¢% it takes % sec. The average
velocity is Lgp- = 280cmvsec.

(b} Since v(t) = % = 0ROz, the velocity is (980) G—] = 560

cm/sec. Since a(t) = -‘;—r =980, the acceleration is

thfor-)

980 cm / sec”.

73 Y4 10-2)e2 |-
dx  dr 3

=(20x—x%)
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, )
_fa_ X = __§_ 2 1 3
74. (8) r(x)-(3 40) x=9x 20x +_1600x

(b) The margimﬂ revenue is
2

3 3
(X)=9— - x+
r(x) i X 1 X

=-i-%“-6(x2 ~160x + 4800)

= léo(x-w)(x—lzo),
which is zero when x = 40 or x =120. Since the bus
holds only 60 people, we require 0 < x < 60. The

marginal revenue is O when there are 40 people, and the

2
corresponding fare is p(40) = (3— %) =$4.00.

(c) One possible answer:
If the current ridership is less than 40, then the proposed
plan may be good. If the current ridership is greater than
or equal to 40, then the plan is not a good idea. Look at
the graph of y = r{x).

[0, 601 by [-50, 200]

75. (a) Since x = tan @, we have

% = (sec? s)g = —{.6sec” 8. At point A, we have

a=0and%";=-o.6sec20'=~o.6 km/sec.

)06 Ea;d . 1 revolution .
" see 25 rad lmin

minute or approximately 5.73 revolutions per minute,
76. Let f(x)=sin(x ~sinx). Then

60sec 18 .
=— revolutions per

J(xy=rcos(x— sinx)%(x —sinx)

= cos(x —sin x) (I~ cos x). This derivative is zero when
cos (x ~ sinx) = Q (which we need not solve) or

when cos x = 1, which occurs at x = 2kx for integers k. For
each of these values, f(x) = f(2kn) = sin{2kx — sin 2kn) =
sin(2km - 0) = 0. Thus, f(x)= f'(x)=0 forx = 2k=x,

which means that the graph has a horizontal tangent at each
of these values of x.



